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Characterization of molecules and molecular recognition at interfaces
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Development of analytical methods sensitive to interfaces is an essential requirement to
elucidate specific behaviors of molecules at liquid-solid and liquid-liquid interfaces. A
resonant second harmonic generation spectroscopy is newly developed and applied to
analysis of molecules at interfaces. Analysis by electrochemical STM and time-resolved
total internal reflection fluorescence spectroscopy is also described. Complexation reac-
toins and molecular recognitions at liquid-liquid interfaces are analyzed by measurements
of surface tension and ion transfer polarogram, and unusual selectiveity is achieved using
suitable host molecules.

liquid-liquid and solid-liquid interfaces; surface second harmonic generation
(SHG); time-resolved total internal reflection fluorescence spectroscopy;
scanning tunnel microscope (STM); surface tension; ion transfer polaro-
gram.
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Fig. 1 STM image of iron(III) protoporphyrin on
an HOPG electrode

Potential: —420 mV; Bias voltage: — 110 mV; Set-
point current: 500 pA

FTRROBIIZOCT, FH AW HI5E L7230
BB I, B SRR SO Bk
BERALE STM, RWMET < > BAl, REEDNE %
£ AT LR R AR 5.

2 BRALT STM (2 & 2 FHWE 4 F DBl

AN VA VEBE (STM) BT BEMmE
(AFM) &\ o ZZBET LV 025 RE 2 Fo o T
HEomBLZ, FEEEDTFOBIICKRE AL V87 M &
5.z, BRALFE STM IC &L ) BERETMO S TR % BHEH
BCTELLIIC L7270 REFEIICE - THLN
5 R AE DT O HEOF L LT HOPG Eifi b
RS L8k 7a RV T 4 ) ¥ (Fe-PP) @ 0.1
M NasB,O; KEWHIC BT 5 STM 4% Fig. 1 & Fig. 2
EITRTY. STM 8 Ol 121X Digital Instruments $
® Nanoscope E Z i\, B$tL L TRy ¥ 7 X727
A% — (0.8mm¢) ZEMBHEL, F—Na—Flk3
MR & 5t L CHIE It L7z, Fig. 11 1.0X107°M
O Fe-PP % & LB E KB HOPG B & RIEE,
BIREKBI TS Y AL, FePP B LBV
WHCHBLZZbDTHS. TORER, FePP 2 —KTT
FILCELH L 7 SRR 72U YR S, WA B L 7 Fe-
PPHFRBEINE o, MRBETEITHD
HOPG DRERFOHEOHIY & 5 ICHERTEL I &h
5, Fig. 1 THEINTWS L DX HOPG 2L /2

Fig. 2 STM image of iron(IIl) protoporphyrin on
an HOPG electrode

Potential: —440 mV; Bias voltage: — 130 mV; Set-
point current: 220 pA

FePPBTH A Z LV nsh., HIRELEOT S, K
DIEDIL, FRIZHZRLRPEHELHNLIDIZDOW
TH# 0.3nm, WMED 2RKIZOVTH 0.150m TH Y,
PRESB S R, WO 2 RKPSESFREOR SIS
MET 5. —fCgm) 2H0&ERELAERLT 1Y
YHEIX, RV 4 ) YBRMPEEX Ao 72 face to face DEE
BHEEELZLFRSNTEY, PRSI REEE
BLoTwWbbnEEZOLNL., —JF, HEIEEIRL
74 YEH HOPG FEREME I UTPHTICRkE LT
—RIEEFE L TBY, WEHILOELRD IRV, 20
&9 SUIREEE 2 BT % 0 F M EEH 20w Cid B
BRETIZEZAHTH L. Fig. 213 1.0 X 10 * M @ Fe-
PP % & LB E /KB IC HOPG B % {#1& L C Fig. 1
DA LR MBE Z M L CTH2 STM BT, BiEE
DHEEVBEBENSL,. HOPG DHEF A7 v 712 0.34
nm THEDIZHL, Ko A-BIE& B-CHOBEEX
#015nm THAZ E»s, BRI -BREERET
HOPG DE TR F v 7Tk {, Fe-PP DEEHEIZ X
2b0EEZOLNDL, ATRPBHZIABILET 5 &
BAIE LWERS %2 & 5 TWbB I EDRHH D, FOBTE
B3 Fe-PP DG-TH A XITIFIFHFE LWL DTHo7. 2
DFERIL, HOPG EMN LETD Fe-PP DHEEHN1 213
LM BB ZEERTOIDTH S0, BLRITICIES
BHE,LLAED ONHIRAHRBERIIN 1.2THD,
Fe-PP I3 HOPG TZ B2 KT 2 b0 2 EHLL
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HICHFROBIEITREL VR TR L, T
BRI A 5 T LSOV TR 7 B EAR oS 7112
ZOBADBREEINDL Z LI D. WEHFTFORIBER
BEEZ BT 2 BTk, RERESTFOSEFENE
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BFOGETIE, WV BRHACEET A bEMIZL S
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FEEIRN 060 P E LT, REO X 92
AFRE FE 2 e VRIS R IFREAIROFHEIE 2 SN
5. BB ROPFCE_SRABERELE (SHG) L,
ANFHE GERYE) OfFOREIBE O GEEWK 357
HrOHBENLBERTHL. V- —FKHPOHE,
1961 SEWC R COBRIBRAENTE Y, WHEICHKEK
0 DAL =& BE T2 & ZOERBERHICLY,
JAWE 20 DIRESBAFRIND. B—RBERERK
ENHROEETLWER T, TO5ENRT MVISHEE
ENTLE )P, EHREomn-wEERRE (FX,
W, &M, W) CTRAMEEL. ORI
20 DREHEBIT, FHEE 20 DIREIEY, ©oF ) EE
B2onae—Ly M aRAEEET 08875, 2
NASSHG Thb. LizdioT, NUr HOBEEZY
FTIERELOOEREHLZ EVTWHRE 5 5.

SHG O RHEHS DM ~DISHP 0L, EEICE -
THEHEINE L OB ED LN TWE, AEER LIS
¥xAbL2ELRE, BRRHEBESF ORI
&2 LD, BERERESTICOWTHRED
 FORFRERP TOANBHE SR TETWS., LaL, H
EETHLIAH, SHGHIEDE {1k, B—FELTER
& LTHlEMThN, BIEEN S 5 W IZWERERED
L LTRSS hes, —F, ABEREORENR
HIZBITB{LEROBEFERICHIBT 555512 SHG i
ERIRENICHERTLZEPHLNRTEY, HfstE

FED, WNH, WO, R, W, WA RERELEEOREBMT & 0T R 1065
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Trigger

PC
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Fig. 3 Schematic diagram of the SHG measure-
ment system

P: polarizer; F: Fresnel rhomb; PMT: photomulti-
plier tube; MGC: monochromator; OPG: optical
parametric generator; PC: personal computer
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BEARPBOWEEEZEEL 22D SHC #HllET52 LT
WEEORTBEECEYE, BFRBICHET 2 EHREYE
HIENTEEE A, 0O SHG AT PViE, whid
R ST T 2WILANRZ PIVIZHIETE 5.
SHG O ASEARW PR, 374 H SHG ARY b
N ORELEFIREG T ~DISHIZOWT, BERFER
SWREIC BT B Wk R0 T OREMH ™0 His
BENTETWAD, FEANRT MVENTTRER SEEE L
W RRBIZIEE - T, 372, BEAEICOW T,
BHAOBITRSROBE L VHEIHMEL 25720
FEFORRICH S, #2T, BREHOBEITELSBUC X
T SH DO #ITHHHEILT 5 &\ ) sHlbEFER Lo
MR ICR LT, BAREOWEERT & EE) Ly
REMEGC L CHRRERD, W, EERRAEWESTO
TR 24T o 7=.

3-1 HERE

BRGRAME L7z SHG A2 b VIllE Y A 7 A1, Fig.
SITRY & D ITEIEES, BB R B TRE S T
W5, REHTIE, QAL vy FE—FT v 7 Nd:
YAG LV —H— (S AIE: 30ps, #VHEL: 10 He,
EXPLA PL2143B) O HZFM¥E (355 nm, 10m]) %
LBO # & W w2885 2 MY v 7 545 (OPG,
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Fig. 4 Optical configurations for SHG measure-
ments at (a) liquid/liquid and (b) solid/liquid
interfaces

EXPLA 401VIR) {2 AL, WHRHB 420 nm » 5 680
nmm b5V —F -2 EITELRELELTH.
72, BRRBEORBBIEZIVAL - 92 ZHWTHI#EL, #
FG—T ANl L o TEBILBA LEZERIER
S BRE U RICHE IR L7e, BARBIEREICSH L
TERFFENLWMET 5 A A 664 TAF L7z, Hif
TOIANF—BEXBIZ06m]cn > Thb. R
P HFEAE L7 SH Hid 2 6O HEFIEEIE A 57—V % H
WCBITRIC L 2 BRSO RELMIEL, HobiicE
A L7z GREBICET#Es v b 74 vy —KRUORR
FaRBEL, EARYERSEBELLBIC, SHAEOREE
o 2 AL EICEIN L 72,

SH GId BB FIMEE (ERS b= X: R928) % H
WTHI L, Y NVA YT R a2—7 (Tektronix) %
AWTRE L., ASPEE R ERTolET 5 2 & TH
ARIERE O E S FERICIT - 72, 155617 SHG M
HARFBEO_FTHRL, BREBREOEIICT 540
ExATo7z. &, BEREFE, BORFEIIH LT Fg. 4
IR EEE CHlE %2 1T - 72.

3.2 BE_SERRERERADOIE

SHG XWEFTFOBTFRECEMMYE, BEICHT S
BHRAG 25720, REICBT 5 WE PR WoE g %
CERENT B ETERTHS. —F, REEINERE
DEFTE TS R TEC BT 5 W P O I
WHNTWA. Lal, MFRICLVBONERER
BE L7zl <, SHGHIEIZ L o TR LN D RE
BT BB/ A —F — OB BT EBRICITEE
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Fig. 5 Concentration isotherm of lauric acid at the
heptane /water interface

The fundamental beam and SHG signal were p
polarized. The solid line represents a Langmuir
isotherm fitted to the plots, and the broken line rep-
resents the SHG intensity from the heptane/water
interface in the absence of lauric acid.

HanTwiw, LT, $-I2, ~7T¥ v /KR
HEZ BT 2 W5 P O % REES & SHG DWH O
WE 2 ST, TR R OSBRI VTR L
7z. HIZ, SHG DARIGAKTFEED S W T OB
DWTHBE L 7.

WESTFE LTI Y YEBe A, G LT
ANTH v, KHELTO01M NaOH T 7 V) ¥ BRKBR
ERWAE. 900 VEBAKRBEOEEIX 1.0x107°~
1TOX 10 MICHAE L. REEDOMNEZENHEE
I E Y fT o 72, SHG OBIETIE Nd®': YAG L —

P OB ETANE AEERE L LTHVZ. Fg 51

REND SHG MEEICED { WA S IHMI Langmuir 2
THY, BIICL > THONATEERIE 6.1+ 0.5 %
10°M ' Thotz. TS, FEEDHEDEN
LELNWMEEHIZ71x15x 10°M ' THD, T
FEHEEOHMA TR —H L. ZORESS SHG
HEIZL > THRONDBNZER T A—F —PBETH
5Z L EEBRNCHMOTCHHELL, BlcZolRi, 7
HERIT M E 2% SHG 2 & AR IS FE WA B O AU RE
FHTAZILERLTWS. $72, SHG ORBMEENR
HOWET Y YBOEAEIIOWTRE LEE, 5
7)) YBOREEIERERER GBREE) Lo %
ThHHI LWL E o7,
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33 {EEiAE/KREREOD—4 I B OEEHNT
BRAALALE U 22 SR & KO R 58 - B 0%
ELT, HHVIIHBAECEME, 4 R L
DEFNVHRELT, ERMBEREDOEE LTHYLNRT
Wh., 0L RIBHAE/KREIZBTHEESTFO
WERFHRLOEEHOMIT AL REELREETH
b, FIZT, BUKCALHE L - A3 & RO RE BT
51 —4% 3B (RhB) DWEZRE K CREREICOV
T, SHG Ztiha FwCrE L7270,

ARFEROBKMIRL, BRAET ) ALKEIC MY
AFNruuaysy (TMS) 2{bZEREFESELZ LT
fFo7z. TMS DBHIEEZDTOFRIETITo /4. ¥V
7 AR % BURRE R C 30 AT L CREEE Y
B L7201, 0.1 M NaOH I 1 A HREBEL TR
WLy F ¥ Fhiorz Bid & v K CHREE, 500
=T T 12 REEEERE L CREAROBRELZTo
7z, BHEBOERIZEDIZ 400 ml B VLY, 40 ml
TMS OBTEHT 16 REEM L. 20%, ZRI L
Y, TEMZX o TEHREL 16 5B EHEEEL,
BAEMICT7T 2 N THRE L. L EOBECTERLZ
TMS B 8i AR LML 80C D F — 7 v T 2 BrfjE 1%
L, ZOHOFEICH W2, RhB KBEOBEEE 1.0 X
107~ 1.0x107*M OFEFTHELL, 0.19M NaCl IZ X
DAFVEREE—E L LT00IMHCIIZE Y pH % 2.0
L7

SHG A7 bV OBIRERFEOR R Z Fig. 612
R, HORHELET CRBHE R/ KRE2» S0
SHG X8l s N h o7z, LizdS>T, SHG A7 b
VI RhB ICHRT 230 EEZ 6N 5.

Fig. 6(a) IZRT L HIT, 7N 7 BEREED 1.0 X
107°M BLF Tld 564 nm 512 ¥ — 27 258l E 7.
CDEF NV 7 EHERIZ BT A RhB EEAD LB E
(X 557 nm ICHARTEHEFREEY 7 P LTWED, KV
AFNAZ 7Y L—1 (PMMA, 563nm) 27 VU-+tu
=)V (562 nm) &\ o 7R I BT B K
BICR{HISELTvA, RhB EBUKLMHE L 7~ F3%E e
KOFREICHEE L TW5E720, WESFIENIV 7k X
D HEBETORBICHLLEZOND, LizoT
564 nm (B E N/ SHG ARZ MV E—21F, R
TS L7z RhB MBRICHR T 5 2 &R SRz
%72, Fig. 6(a) TiE, A7 MVBRICELA % L B
EOARPEAEIMLTWE I 00, IOREHERICS
WCIRERBRENT2 00, &6FK2FRT 213D
WG FHOMEEHIZINENE TR 5.

- =0, WEWIREDT 1.0 X 107° M BLE T, Fig. 6(b)

SFET, PHL, MO, RBR, T, EA . REYCE LA OB & 5T R 1067

v I2m /a.u.

A
O f [l 1 L
540 560 580
Wavelength / nm

600 620

(b) L

vV 12(,, /a.u.

560
Wavelength / nm

520 580

Fig. 6 Concentration dependence of SHG spectra
of rhodamine B adsorbed at the hydrophobized-
silica/water ineterface ‘
Concentration: £, 1.0 X 107°M; A, 5.0 X 10™° M;
X,1.0x107°M; [, 1.0 x 107*M; O, 5.0 X 107 M;
@® 1.0xX10°M. Al spectra were obtained with s-
in/p-out polarization condition.

WRT L 91T, 590 nm FHECH /-2 -2 38, 2
DY —ZBEOHMKI ST, BEAERTE— 27298
P35, BEAFEERERE RhB 5T I22o0WTiL, BEFED
WINCPES KAEEROBRIZL Y, RIRH#BARS PV
PEERY 7N THZ2EMLNRTWS, Lo T,
Fig. 6(b) DAY M VEALIE, WEROWEMIEI R
BREBRABERLTWAEEZ LN, T, FiEF
SEEERICK o CSHG A7 FPVEERRT S &, 590
nm fAEICBIFB Y~ 06, BBINBTINH LHEHEE %
b o THATICEE L 7 in-plane 2 O XA HEE IR &
5. RhB @ S¢S BRIEF Y V7 Y ROE#MAIEICDH
B5Z b, TMS BMiA L/ KFEIZE VT RhB & ¥
TP VBEZAATREL TS EARBEND.
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1076 10°° 0.0001 0.001
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Fig. 7 Adsorption isotherms of rhodamine B at the
hydrophobized-silica/water ineterface

Input wavelength is 563 nm (@) and 590 nm (O).
In figure (a), the both data are normalized to the
intensity at 1.0 X 10"° M of the bulk concentration.
The solid lines are Langmuir fits to the SHG data.

BEDSHGARY PVHllERRZ L LD S L, RIEA
BT RhB HERPEFIEL, WERDOHMIMIHE S Tin-
plane BlOESAEITEH T 5 Z LATRE 7.

KIZ, KEWBBGRIEZRE T 5 720 I REFRMRD
FENT 24T o 72, FRATICIE, BEAROBRIERLED 563
nm, KU in-plane B &&EDOHE KB E 590 nm @ SHG
BE ez WESTOEFREBR ORISR
21 I SHG BEDFHRIEBER TS, N
7 RIREEDS 5.0 X 107 ° M BUFTld, Fig. 7(a) AT
& 912 Langmuir IO R GTREREE) 2R Z & 300
oz, Fie, I OBREHEBICE W TEE RhB ORI
E—ETH 5 &5 SHG O ASRGIKEEDERRIC X
DIER E iz,

EHRIED 5.0 X 107 °M L EIZB VT, BESRMR

KAGAKU Vol. 48 (1999)

(& Langmuir B &2 5K & { Fhid Lo, Fig. 7(b)
WRT X IICBEPAFEEICL > TRELBER S, &
LY 2 L, 590 nm 2B 1) A SHG 3R EDS 564

nm DTN HBELTRBICHAL, HlREOHK L

CEBICHRAEMLTYAZETHD. 590 nm DY — 2

1313 in-plane XEHRICTIET B Z &h b, WERDOH
KIZHEV inplane WA EATEHE LIAD 5 2 & A5R &
nr-.

PLED X912, SHG A% PVHIEIC & - TBEAKAL
ALPR L 72098/ KR RENZ BT 5 RhB KA RO RGBS
WL oz, SHEIALHE o iR TR D BN
LI L, KRBEEPICBWTELET LYY N v TR
BHRERTHRLE =7 BB S Ed o2 L TH
5. KBBEFIZBWTRBEY Y R, v FR_BKE
FHERRBICH Y, BHEIEBEN1.0x107°M TEEH&
DENGFEIL056 THS. LHrL, RhBGTiE TMS
1BHi 4 3 /KFH Tl inplane Bl O XA ERIES IR
HEINhBEEZzOh5,

ERROGHEN T — 5 12FD  REWE OB & 2
NERNT A—F—, Thabb, ¥y FRH_ER
OFREED B T V¥ —2k, &0 RhB O RE I3
BWEDHHTANF—EE KL 72, WESERD
Langmuir (2260 < f@#\HT &, BUKICALE L 72/ 3%/
KA I3 2 RhB HEBAROESE SR 1.8 x 10°M™
LHEEEN, ZOEPOWEHH- A VF—-ZELIX
—1lkcalmol 'L RED BT LN TESL., THITHL
T, KRBEWHICBITZY Y VL v FREBEOREEHBH
IANF—-EMIE -42kcal mol ' EFHBFE LTS,
MHEOEE LS L, REIC 572 AWFE L7z RhB 7°
PPy FROSEREERT AL, ZAVF—
BICAFITH L Z W50 5b. LIz 7TC, K&ERER
BALEMES V¥ FA v FRSERITREICB W TOBE S
NIZKWEEZ NS, TOBIFNELIL, inplane
KARBER ZEBROBRBEME o B EER LR
VIEBM RSO TH LS. LL, Sy Py FRTE
DIEMEHHI ANV —DORFERIAL FATHALI LD
5, REIZBVTH Y FAL v FHEBRIARETH L LE
Zbh5.

34 RARECBREECROTERE

NTy U /RBEICEAE L% 7 v REFE, RhB
LU —%3 110 (Rh110) OREREICBIT 2865
Bz, WiEi TRz TMS B A EERREICBIT 2%
LB LA L TREN LY. TMS B A EERICD
WU, KR WA RE T 78 oA 52
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Heptane/Water TMS modified-Silica/Water T T T T T
80 T T T T ] T T T T T o
3a & 40} (3 Y . 10}
(3a) :u.. | (3b) Ih . RB .s
. - -’ O FINEL
a0} - : i . = e
e Y| 20F o . ] = OOH
I od : : 2 J
. ,ﬂ‘wﬂ N s .

, 0 O —t—+—+ I | s R110 1
§ 2001 (o ol (2b) P N AN
~ e 1 H” -

‘?.“ 14 .- 10+ : .- N v‘ OH
[’ L ] .
§ 1of R &L g <
;:.: L '. ", . [ .: .. 0.0 » L. A 1
? 0 #—0—4—5 0 #{-4.—.& 10¢ 10% 107 10¢ 10 10+
N Bulk Concentration /M
ofb (a4 [ o & ] . o
. . Fig. 9 Adsorption isotherms of RhB (@) and
> . 4 M Rh110 (O) to the heptane/water interface fitted by
L :' * a Langmuir model
-
s ‘s ’o./‘ .\ The SH intensities were normalized to a maximum
0 M-.;-h Ln__L—*

0
500 550 600 500 550 600
Wavelength / nm

Fig. 8 SHG spectra of RhB at (a) the haptane/
water interface and (b) the TMS modified-silica/
water interface for various concentrations of RhB in
the bulk water phase

(1a) 1.0 X107 M, (2a) 1.0 X 10~ *M, (3a) 1.0 X107 °
M, (1b) 5.0 X107° M, (2b) 1.0 X 10" *M, (8b) 1.0 X
10 M. The spectra were obtained using s-polar-
ized fundamental and p-polarized SHG output.

BHEME 1M HCIKBRICREL, BEERMICLD
TMS BB O v O (HEfilif 51°) 2P L7,
NTF Y /RFEEICBIT S SHG A7 b IVlIER, /3
V7 ESWER D ROBEBEA 1.0X 107"~ 10X 107°M T
HEBEICONTIT o7z, ZOMER% Fig. 8 DM
R, BENI10X10775 1.0 X107 M IS KT 5
L SHGANRZ bV — 27 BRKEED 575 nm 2 5
592 nm ~N& Ly F¥7 b5, 2R, BifioBixit
ML - ARERICBT2BFZOWERF LB L,
in-plane MO EEDOBR 2 RRT 5. —T5, BiKktkE%
T &7z TMS B8 A RERZBE DR L 5 RhB KB
WEBMESEs L, Fig 8 DAMORIIRT L5 12, #
WREDT5.0 %10 °M LEVHEAICIE 565 nm IS ¥— 72
PEHREEN, ChIEHREROBIUIWIETE S, 1.0 X
107'M EBEFEL2HE578mm IZLy F¥Y 7L
72¥—27 BN, in-plane MOXEEKOHFEIEITRR I N
5. BIGRENSES 22 T10X107°MIZ% 5 & 578
nm DY — 7 BREIMET LT 513 nm 12 ¥ — 7 258 £
N3, ZOE—=2713% Y Ff v FRZBHRICHIET 5.

value obtained by the theoretical fitting.

WA EIZBIT S SHG A7 PVOBEEHRIC,
RhB & Rh110 & ICDWCHESRM L WET 5 & Fig.
9 DREPEL N, Langmuir B & L CHETTEET
Hotr. WEEHIE, RABICH L T44x10°M 7,
Rh110 123 LT 4.9x10°M™" £ % 1), RhB ® N(Et), (&
PR DBUKEZ KW L T RhB ORAEEEIKE VLD
L#x biA. RhB & Rh110 DHTHEOZRY LK
ToE, FH VT VRBS E REGHBLL 2% LG
5.

SHD ORI, WIRE OB X o TR O
VERINAZLEZRBLTEY, BUKEIEWEEC
i in-plane Mo, FWHAKCEY Y ¥4 v FHOKSE
WA SN, Fig. 10 DX 5 2 RERERRE LS D
DEEZLNS.

4 BRSSO

ENSHOLE TR, BEIREE (R Wroe
Fat et ClbE St & RIS AS L, (EEITREE ORAH)
BIZ L AWT N2 v & v MECREEB T LR 3
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Fig. 10 Schematic illustration of the rhodamine dyes at the interfaces

(a) the in-plane associate at the haptane/water interface, (b) the sand-
wich dimer at the TMS modified-silica/water interface

Poly-
chromator

Streak
Scope

Ti:Sapphire L
Laser system M
2
Sample
M p
FR L P

Fig. 11 Experimantal setup for the time-resolved
TIR fluorescent spectroscopy

M: mirror; L: Iens; FR: Fresnel rhomb; P: polar-
izer
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—7ARAT (EHREM=2 X, C433401) THIEL 7.
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Fig. 12 Fluorescence spectra of ANS

(a) in heptane solution, (b) at heptane/water inter-
face, (c) in aqueous solution
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Fig. 13 Fluorescence spectra of ACA

(a) in aqueous solution, (b) at heptane/water inter-
face, (c) in heptane solution
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Fig. 14 Time-resolved TIR fluorescence spectra of
2-AS at the heptan/water interface

(@) —0.1~0.2ns, (b) 0.2~0.5ns, (c) 0.5~1.1ns,
(d) 2.5~4.0ns
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Fig. 15 Dynamic interfacial tension at the hep-
tane/water interface

Aqueous phase: 10 mM MCl, (M*"= Ni*", Zn*")
and 70 mM NaCl; Heptane phase: 0.25 mM HC.Q
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Fig. 16 Schematic drawing of sulfate ion recognition via hydrogen
bonding at the hepatne/water interface
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Fig. 17 Ion transfer polarograms for SO,

Aqueous phase: 0.5 M NasSO4; DCE pase: 0.05 M
THATPB and 0 mM (a) or 0.5 mM (b) 2
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